Task-related signal change was derived by contrasting simple Word Repetition of an aurally presented word with repeating words after performing Sound Deletion on the first phoneme. Localization is based on stereotaxic coordinates in x (medial-lateral), y (antero-posterior), and z (superior-inferior) directions and refers to the location of maximal activation within a cluster (indicated by the highest Z score). Areas of significant activity within 15.0 mm of the cortical surface are projected to the surface of the brain (Z ϭ 3.10; p Ͻ 0.001, uncorrected; limited to clusters Ͼ80 contiguous 2 mm cubic voxels). Brain activity attributed to phonological manipulation in normal readers (A) was observed in left occipitotemporal, inferior parietal, and inferior frontal cortex, consistent with previous studies. The thalamus and cerebellum were also bilaterally active (these deeper foci are not seen in the figure). In the right hemisphere, the following regions were identified: inferior and middle temporal cortex as well as middle frontal gyrus. The dyslexic group (B) showed activity related to phonological manipulation in bilateral inferior parietal, inferior frontal, middle temporal cortex, precuneus, and cerebellum. A between-group statistical comparison of the control and dyslexic groups (C) revealed less activity in the dyslexic group in left inferior parietal regions (supramarginal and angular gyri), superior parietal lobule, precuneus, and medial frontal gyrus. Dyslexic subjects also displayed less activation in several right hemisphere regions compared to controls: the occipitotemporal junction, as seen in the figure, and medial structures including precuneus, medial frontal, fusiform, and cingulate gyri (not seen in these lateral projections).
investigations of phonological processing and reading (Brunswick et standing of the neurobiological basis of treatment in dyslexic readers can make significant gains in phonological processing skills that support efficient reading, developmental dyslexia, as for clinical recovery in stroke, could be used to guide the remediation process while those that depend on repeated text exposure (e.g., reading fluency and comprehension) are resistant to of this disorder.
Poor phonological awareness is the hallmark of develchange under these training conditions; (2) the left inferior parietal cortex, noted here and in previous studies opmental dyslexia. Our first experiment examined the neural bases of oral sound deletion, employing a task to be hypoactive in individuals with dyslexia, increases in activity following phonologically based instruction; frequently used in neuropsychological evaluations of dyslexia (for example, see Wagner et al., 1999). In normal and (3) right parietal and perisylvian activity demonstrates compensatory mechanisms. Together, these readers, sublexical sound manipulation of aurally presented words invoked task-related signal change prefindings provide evidence that dyslexic adults are not, as may have been assumed, unable to profit from remedial dominantly in left hemisphere regions. In contrast, the dyslexic group demonstrated relatively less activity in practice. In fact, the same strategies that are effective in teaching children phonological awareness skills are parietal regions, consistent with previous findings in studies employing phoneme detection, rhyme judghelpful in adults. Further, they are accompanied by neural changes known to underlie reading remediation of ment, and nonword reading tasks ( as a "multisensory approach" commonly employed by special education tutors to remediate dyslexic students (Birch, 1999) . It included training in sound awareness, establishment of the rules for letterExperimental Procedures sound organization, sensory stimulation, and articulatory feedback (Lindamood and Lindamood, 1971) . Also, imagery strategies were Subject Selection used to visualize and manipulate letters and words. This approach Healthy dyslexic subjects were included in the study if, despite at reinforces the relationship between sounds and printed letters and least average ability and educational opportunity, they (1) Deletion" task, subjects were asked to repeat the word after deleting subjects were recruited either from the same geographic area as the initial sound (e.g., in response to the stimulus "cat," the response the dyslexics (n ϭ 8) or locally in the DC area through advertisement would be "at"). In this way, the stimuli and subject response were (n ϭ 11). All were determined to be good readers with intact phonosimilar in terms of sensorimotor demands, but the Sound Deletion logical processing skills, based on reported history, confirmed on task stressed phonological processing more than the Word Repetithe reading test battery. All subjects were without significant medition task. Using a "box-car" fMRI design, the two conditions were cal, neurological, or psychiatric illness by history. Those with a hisalternated and fixation periods were interleaved between the two tory of substance abuse or implanted metal objects were excluded. task conditions (to provide a rest period). Subjects remained cogniThe dyslexic and control groups did not differ in age, education, or zant of the two alternating experiment conditions by observing the gender distribution. Adult behavioral evaluations of reading and state of the crosshair: "ϩ" was an indication of the Word Repetition reading-related skills were obtained at Wake Forest University Medicondition and "x" the Sound Deletion condition. The single syllable cal Center, and all of the MRI imaging and imaging-related procewords for both conditions were matched for word frequency. The dures were performed at Georgetown University Medical Center, subjects' spoken responses were recorded via an adapted microincluding the General Clinical Research Center. For the second phone and then scored for accuracy. An interleaved acquisition study, the dyslexic sample was further subdivided into an "interventechnique was used to reduce interference from auditory noise protion" and "nonintervention" group based on each subject's proximity duced by the scanner and motion artifact associated with speaking to the intervention site. As shown in Table 1 
